The gravitational field effect on atomic data for H and C IV transitions are considered as a perturbation of initial and final energy levels. We found that this perturbation increases with the principal quantum number. Here we give several expressions for estimation of this effect and its influence on atomic data parameters. Also, the calculations of atomic data for 1s − 2p (Ly α ) and 2s − 3p transitions of hydrogen atom as well as atomic data for 2s 2 S 1/2 − 2p 2 P 0 1/2,3/2 transitions of C IV (1UV) as a function of deformation of energy levels due to gravitation field and gravitational redshift are given. The gravitational field effect should be estimated and should be taken into account in calculation of atomic data for emitters in Broad Line Regions (BLRs) of Active Galactic Nuclei (AGN).
INTRODUCTION
One of the effects that can influence electromagnetic radiation of massive objects is the gravitational redshift effect -where emitters are located in strong gravitational field and observed by an observer in weak gravitational field (gravitational redshift effect). This effect can influence the spectral line shapes in spectra of Active Galactic Nuclei (AGNs) , 1995 , Corbin 1995 , 1997 as well as atomic data (Popović 1997 (Popović , 1999 . Recent observations of X-ray emission from Sy1 galaxies obtained by ASCA show that the model which includes rotating or nonrotating black hole (BH) in the center of these objects is appropriate (Nandra et al. 1997) .
Considering that in some AGNs we can see radiation from Broad Line Region (BLR) that is located several tens of gravitational radii from BH (Corbin 1997) , the influence of gravitational field on emitters should be taken into account in modeling of this region (e.g. by including the probability of emitting a line from some parts of the Emission Line Region of AGN).
Also, the radiation from atmospheres of massive white dwarfs may be influenced by gravitational field (log g = 6 − 9, see e.g. Werner et al. 1991 , Greve et al. 1994 , Unglaub and Bues 1996 . The influence of gravitational field on chosen energy levels and transition probabilities for modeling of atmospheres of massive white dwarfs has not been considered.
Here we give several expressions for estimation of the influence of the strong gravitational field on atomic data (energy levels, transition probabilities, oscillator and line strengths) for an emitter in strong gravitational field. Moreover, we present calculated atomic data for 1s − 2p (Ly α ) and 2s − 3p transitions of Hydrogen atom as well as atomic data for 2s 2 S 1/2 − 2p 2 P 0 1/2,3/2 C IV (1UV) transitions as a function of energy levels deformation due to gravitational field and gravitational redshift.
THEORY
The hydrogen atom in strong gravitational field at the level of traditional quantum mechanics theory has been considered in several papers (Thirring 1961 , Audretsch and Schäfer 1978 , Paker 1980 , Parker and Pimentel 1983 , Gorbatsievich 1986 , Gorbatsievich and Priebe 1989 , Hughes 1990 . Taking into account perturbation by gravitational field, the Hamilton operator (H) of the atomic electron can be written as (see e.g. Gorbatsievich and Priebe 1989, Hughes 1990 )
where H 0 is the Hamilton operator without influence of gravitational field, H G is the additional term due to influence of the external gravitational field on the atomic electron. This perturbation causes that the energy E n of an electron in n state is shifted as (see e.g. Gorbatsievich and Priebe 1989 , Hughes 1990 , Popović 1997 )
where E 0 n is the energy of the electron in n state without influence of gravitational field. The term ∆E G n depends on gravitational field magnitude. The derivation of exact expression for this term in Schwarzschild, or Kerr, metric is very complicated and the aim of this paper is not to derive such expressions. Such expressions only for two Hydrogen levels (n=1,2) are given by Gorbatsievich and Priebe (1989) for the case of Kerr metric. Considering that from celestial sources one can measure only gravitational redshift, here we derive the approximative relations which exspress ∆E G n as a function of gravitational redshift.
In order to give some quantitative results and derive several equations that can be used for estimation of influence of this effect, here we take into account the assumption that the gravitational redshift has nothing to do with the "weight of photons", but rather it is a consequence of the fact that the energy levels reflect the relativistic time difference which is coupled to the gravitational field (Bell 1987) . Concerning this, we assume that
where
is the frequency of transition between initial (E i ) and final (E f ) levels, and ω is the shifted frequency due to gravitational field.
Using Eqs. (2) and (11) the energy of the electron in state n in strong gravitational field can be written as
where Ry is the Rydberg constant and δn is the principal quantum number defect (QND) due to strong gravitational field. From Eq. (12) the QND can be written as (Eq. 13) and gravitational redshift (bottom) (Eq. 14) .
Fig. 1. Deformation of principal quantum number as a function of |∆E
If we take into account the approximation in Eq. (9) the QND can be written as
or the expression for the principal quantum number in gravitational field (n ) is
In Fig. 1 we present the relative value of the quantum number (δn/n) as a function of | ∆E G n En | and gravitational redshift, respecitevly. As one can see from Figs. 1a and 1b the QND due to strong gravitational field depends on the principal quantum number as well as the magnitude of the gravitation field, and sometimes this defect should be taken into account only for transitions from higher levels, when transitions from lower levels may be neglected. Also, in the case of transitions from higher levels (with higher energy) we can use Eqs. (9), (10) and (14) for taking into account the strong gravitational field effect in calculation of atomic data if the gravitational redshift is known.
METHOD OF CALCULATION
Generally, the deformation of energy levels due to strong gravitational field can be included in a method for atomic data calculation by using given expressions (Eqs. 2, 9, 10 and 14) for energy levels and principal quantum number. In order to give a quantitative result, here we will use the Coulomb approximation (Bates and Damgaard 1949, Oertel and Shomo 1968) . Then for the line strength we can write
where n, is the matrix element for dipole transition and in the calculation of matrix element ( n ) we take into account the deformation of the levels due to strong gravitational field as
where δn is taken from Eq. (14).
In the case of non-Hydrogen emitters, considering effective quantum number -n ef f (see e.g. Griem 1974) we can obtain expression for effective quantum number in the case of gravitational field influence (n ef f ) as
where E H is ionization energy of Hydrogen atom, I is ionization energy of the emitter, and Z is the nuclear (or core) charge of the emitter (for neutrals Z=1, for single ionized Z=2, etc.).
RESULTS AND DISCUSSION
Using Coulomb approximation (Bates and Damgaard 1949, Oertel and Shomo 1968) and taking into account the deformation of the energy levels due to the gravitational field influence (Eqs. 1-15), we have calculated the atomic data for 1s − 2p (Ly α ) and 2s−3p transitions of hydrogen atom as well as atomic data for 2s 2 S 1/2 − 2p 2 P 0 1/2,3/2 C IV transitions as a function of |∆E GS n /E n | and z G . The data needed for the calculations were taken from Moore (1971) and Wiese et al. (1966) . The results are presented in Tables 1 -3 and Fig. 2 . As one can see from Figs. 1 and 2, the deformation of the energy levels in strong gravitational field may be very important, especially in the case of higher levels. This deformation depends on principal quantum numbers (see Eqs. 13-15 and 17). If we have transition between levels from higher series (with large principal quantum number) we can expect that deformation of the levels will be higher, and this effect may be important for relatively weak gravitational fields (e.g. in atmospheres of massive white dwarfs).
The deformation of energy levels influences the atomic data (Tables 1-3 and Fig. 2) . Generally, the transition probabilities for all considered transitions (see Fig. 2 ) are smaller (for z G =0) when the gravitational field influence has been included. Also, it is interesting that for some values of |∆E GS n /E n | transition probabilities, oscillator and line strength for s − p transitions of hydrogen atom are too small, i.e. the minimums are present (see Figs. 2 and Tables 1-3). This is not the case for 2s − 2p transitions of C IV.
In Tables 1 -3 , the atomic data are given (line strengths, oscillator strengths and transition probabilities) as a function of gravitational redshift (z G ). As we can see from Tables 1 -3 the Ly α is more sensitive to the gravitational field than the resonant lines of C IV. Also, we can see that line and oscillator strengths of C IV resonant lines increase with gravitational field strength.
In the case of AGNs the gravitational effect should be considered, especially in modeling of BLR of these objects. If we take that in some cases the average distance of BLR from center of a Black Hole is about several tens of the corresponding gravitational radii (Corbin 1997) , our results show that at this distances atomic data may be significantly different from data calculated without gravitational field influence. For example, if we suppose that in this case |∆E =1.076 and S/S 0 =1.135. As one can see, taking into account the gravitational field influence may significantly change the atomic data and if it is not taken into account we can obtain wrong conclusions about e.g. element abundances, gas density etc. Consequently, we suggest that the gravitational field effect should be estimated and, if not negligible, taken into account in atomic data calculation for emitters in gravitational field of AGNs, especially for transitions between levels in higher series. 
